Physiological consequences are inherent to the procedure of bronchoscopy. Sixty patients who underwent bronchoscopy at the Medical College Hospitals, Calcutta, India, were studied to determine the changes that occur during bronchoscopy. Of these twenty were consecutive adult patients who underwent rigid bronchoscopy under general anaesthesia (Group I). Twenty were consecutive adult patients who had flexible bronchoscopy under local anaesthesia (Group II). Ten consecutive paediatric patients underwent rigid bronchoscopy with spontaneous ventilation under General Anaesthesia (Group III) and ten were operated with controlled ventilation (Group IV). Heart Rate, Blood Pressure SpO 2 and ECG were monitored during and upto 60 minutes after the procedure.
Groups

INTRODUCTION
Bronchoscopy in adults, children and infant is commonly undertaken for wide varieties of diagnostic & therapeutic indications. With modem instrumentation, light source and anaesthetic techniques this procedure is quite safe. However, the procedure in itself is gross assault on the normal physiological functioning of the airway and haemodynamics and several consequences occur which are inherent in the procedure itself. These include competition for the airway by the bronchoscopist and anesthesiologist, and the effects of frequently performed procedures like suctioning, bronchoalveolar lavage, (BAL) and biopsy. Physiological changes occur during the procedures, a knowledge of which is of important for safe bronchoscopy. Changes in the haemodynamics or of saturation levels that are inherent in the procedure can help to provide insight in order to avoid complications and also to alert us regarding the most vulnerable moments during the procedure. This study was designed to monitor the physiological changes that take place during bronchoscopy in a wide variety of conditions to identify changes that are inherent in me procedures, so that strategies to avoid complications could be devised and implemented.
AIM : This study was undertaken to study the haemodynamic changes occurring during bronchoscopy in adults and children under the following criteria : a) Changes of blood pressures, oxygen saturation, heart rate and ECG in adults undergoing rigid bronchoscopy under general anaesthesia. b) Changes of blood pressure, oxygen saturation, heart rate and ECG in adults undergoing flexible bronchoscopy under local anaesthesia. c) Changes of blood pressure, oxygen saturation, heart rate and ECG in children undergoing rigid bronchoscopy under general anaesthesia using controlled ventilation and spontaneous ventilation.
PATIENT AND METHODS
This study was conducted in the Department of Thoracic and Cardiovascular Surgery, Medical College and Hospital, Calcutta between 01/01/1999 and 31/5/1999 . After obtaining informed consent from 40 adults patients and the parents of 20 children who required bronchoscopy, the patient was subjected to bronchoscopy by a single surgeon. The patients were divided onto the following groups (Table I) . Group II were pre-medicated with Diazepam 0-02 mg/kg orally 1 hour prior to the procedure. The patients were asked to gargle with xylocaine viscous 4% 5 minute before the procedure. Inj. Atropine 0.02 mg/kg was given to reduce the volume of secretions. Subsequently 2ml of 4% xylocaine was injected via the cricothyroid membrane.
Group III patients were pre-medicated with Syrup Diazepam (0.02 mg/kg) 1 hour prior to the procedure in the O.T holding area. They were induced with 2-3% halothane, followed by Intra venous caimulation and I.V. Atropine 0.02 mg/kg. They were maintained with 1 -2 % halothane and spontaneously ventilated with 02, N20 (40% + 60%) through the side arm of the rigid bronchoscope.
Group IV patients were pre-medicated with Syrup. Diazepam (0.02 mg/kg) 1 hour prior to the procedure in the O.T holding area. They were induced with 2 -3 % halothane, followed by IV carmulation and injection of I.V. Atropine 0.02 nag/kg. Muscle relaxation was provided with succinylcholine 1mg/ kg and 0.5 mg/kg as incremental dose. Controlled ventilation was provided with 02, N20 (40% & 60%) and 0.5% halothane through the side arm of the bronchoscope.
The monitoring of Sao 2 , H.R., MBP and ECG.
(Hewlett Packard, Andover MA. USA) was undertaken at 2 minutes interval during the procedure and at 15 minutes interval upto 1 hour after the conclusion ofbronchoscopy.
The indications for which bronchoscopy was undertaken is provided in Table 2 . The subjects
were not separated as for disease as consecutive patients were allotted randomly to the groups by an observer not related to the study. However both adult and paediatric groups had similar median age, weight (Table III) and pre operative haemodynamic characteristics ( Fig 1,2 No Change ** = P < 0.01 * = P < 0.05 • = P < 0.05 -GR IV showed and increase of SPO 2 during bronchoscopy as compared to a fall in Group I, II and III (Table I) 
ADULTS UNDER GENERAL ANAESTHESIA : (GROUP I)
Heart rate : The mean heart rate was initially 83.8 ± 5.35 beats/min. On insertion of the bronchoscope, there was a significant rise to 107.5 ± 10.75 beats/ min (P<0.01). After the scope passed the vocal cords, there was a fall in the heart rate to 97 ± 2.5 beats/min. During removal of the scope the heart rate rose to 105 ± 1.4 beats/min. Heart rate reached pre-insertion values 15 minutes after removal of the bronchoscope. Blood Pressure : The mean arterial pressure (MAP) followed a pattern similar to the heart rate. The initial MAP was 88.1 ± 6.54 mmHg, which rose significantly to 96.12 ± 4.18 mmHg (P<0.01) on insertion of the bronchoscope. After the scope passed the vocal cords the MAP fell slightly and returned to the pre -insertion levels at 15 minutes after removal of the instrument. The rise of blood pressure was mainly systolic. 
ADULTS UNDER LOCAL ANAESTHESIA (Group II)
Heart Rate : The heart rose from 81.7 ± 4.86 beats/ min to 120± 13.1 beats/min on insertion of the bronchoscope in this group which was statistically significant (P<0.05) when compared to the GR I Patients. However the subsequent course was similar to that of patients undergoing GA. The heart rate returned to the Pre-insertion values 20 minutes after removal of bronchoscope.
Blood Pressure : There was a highly significant rise from 84.6 ± 1.23 mm Hg 93.3 ± 3.73 (P0.01) during insertion in a similar manner to patients undergoing GA. None of the patients in this group had hypertension i.e. BP > 140/90 mm Hg-The changes in this group was not statistically different from those in GR I.
SPo 2 :
The SPo 2 at the beginning of the procedure was 97.2 ± 2.51% which fell significantly to 94.1 ± 1.36% (P<0.01%) during insertion. The fall was significantly less than patients undergoing GA. (P0.05). Suctioning and BAL produced significant (P<0.01) fall in SPo 2 . Interestingly this fall was more (P<0.01) in GR I and GR II.
ECG Changes : I patient had mild ST depression (between l-2mm) and recovered as soon as the scope was withdrawn.
PAEDIATRIC PATIENTS WITH SPONTANEOUS VENTILATION:(Group III)
Heart Rate : Initial heart rate of 120±1.2 beats/ min increased significantly to 160± 6.1 beats/min (P0.01) during insertion of the bronchoscope. Thereafter it declined to pre-insertion levels. There was a rise to 146±1.45 beats/min (P0.01) on removal of the scope.
Blood Pressure :
The blood pressure showed a marked difference from GR I & II. The sharp rise on insertion and removal were absent in this group. The mean pressure rose from 68±2.11 to 7 7.9± 1.19 .during removal of the scope.
SPo 2 :
The SPo 2 declined from a mean of 92.2± 1.5% to 86± 5.3% (P0.05) during insertion of the instrument, which returned to normal within 5 minutes. SPo 2 fell significantly during suctioning and BAL (Table 3 & Fig 1) ECG : No important ECG changes were observed.
PAEDIATRIC PATIENTS WITH CONTROLLED VENTILATION : (Group IV)
Heart Rate : The pre insertion heart rate was 128±2.1 beats/min which rose to 142± 4.2 beats/ min (P0.01) on insertion of the bronchoscope. Heart rate fell to 119 ± 2.3 beats/min after removal of the scope. The changes were similar that seen in GRDI.
Blood Pressure : No sharp rises of Blood pressures were seen. The MAP rose from 64.28 ± 1.92 to a maximum of 82.11± 1 -86mm Hg which reverted to the baseline on removal.
SPo 2 :
The SPo 2 increased from a mean of 94± 2.3% to 98 + 1.8% (P0.05) on insertion of the bronchoscope. This was probably due to controlled ventilation with a high concentration of oxygen, through the side arm of the bronchoscope. Suctioning and BAL caused a significant fall of SPo 2 .
ECG :
No important changes were observed in ECG.
DISCUSSION
Bronchoscopy is a particularly demanding procedure and it involves the invasion of the airway by the operator, which can interfere with oxygenation and delivery of anesthetic agents 3 In addition, the original lung condition that necessitated bronchoscopy may lead to serious hypoxaemia with attendant consequences on the haemodynamics. This has been documented in Western patients but there has been no recent study in South Asia regarding the haemodynamics of patients undergoing bronchoscopy.
This study aimed at understanding the physiological changes, occurring both in adults and the paediatric group, undergoing bronchoscopy and anaesthesia with different techniques. Though premedication and I.V. Atropine was common to all groups, anaesthetic techniques were varied to find out the haemodynamic changes with each technique. The important findings in this study are mainly five. First, the rise in heart rate on insertion of the bronchoscope was present in all groups studied. However it was least in GR I and maximum in GR II & III. This fact has been recently documented by Davies and his colleagues. 4 The tachycardia may in part be due to apprehension, associated with the procedure, but it was also present in a 3 month old child. Therefore it is a part of cardiovascular responses occurring during bronchoscopy. Though the flexible bronchoscope was used in GrII, this did not prevent me tachycardia which was in fact more than GrI patients who underwent rigid bronchoscopy under GA. Tachycardia may in itself be benign in most cases but, in older patients definite ECG changes were observed, suggesting mat they must be monitored very carefully and measures may be taken to reduce tachycardia during insertion of the bronchoscope by using I.V. lignocaine or Esmolol. 5 Though the disease process may affect the haemodynamic consequences -Our study included random allocation of patients to each group. Therefore it was not possible to ascertain the effects of the disease perse in individual groups.
Secondly, the hypertensive patients are a particular cause for concern, especially during insertion and removal of the bronchoscope. GA failed to modify this response. Therefore it is essential for the operator to be as gentle as possible during the maneuver and also use pharmacological agents (Sodium Nitroprusside, Nitroglycrene etc) if necessary. 6 Changes in blood pressure was not significant in the children.
The third finding was that physiological changes followed the same pattern, whether LA or GA was used. GA failed to abolish the cardiovascular stress response during bronchoscopy though the rise of heart rate was significantly less. Therefore, GA may be the better choice in certain patients where the technique of anaesthesia may be tailored according to the Prooperative haemodynamic status of the patient.
The fourth point to note is the BAL and suctioning were associated with a fall of SPo 2 . This was more marked in children, where foreign bodies were removed. Instrumentation for more than 30 seconds caused a significant fall in SPo 2 . Thus it is necessary to balance the need for a quiet, relaxed field to grasp the foreign body, with the need to ventilate. This is also true for all patients with low initial SPo 2 and pre-existing lung disease. The patients may require prolonged oxygenation following bronchoscopy.
Finally, it is imperative to note that children undergoing controlled ventilation, had less physiological disturbance in terms of SPo 2 and heart rate. Thus unless the child has serious airway obstruction prior to bronchoscopy, it would be prudent to use controlled, rather than spontaneous ventilation. Moreover, the post operative recovery was faster in GR IV than GR III, where halothane had been used in higher concentration in order to maintain anaesthesia.
CONCLUSION
Physiological changes are an inevitable part of bronchoscopy. It occurs in both flexible and rigid bronchoscopy, in adults and children, and with the use of general or local anaesthesia. This study has demonstrated that cardiovascular changes are inevitable, though most marked in adults who are hypertensive or ischaemic. Measures are necessary to minimize the changes in this group of patients. It is also clear that there is a marked drop in SP02 during procedures like suctioning, bronchoalveolar lavage and foreign body removal. This was most evident in paediatric patients with spontaneous ventilation. Careful monitoring is essential to note changes that occur during the procedure and several measures have been suggested that can decrease the changes that take place and make the procedure as safe as possible.
